displayed anti-tumor, antibacterial, anti-viral, antimalaria and anthelmintic activities 18 . Because of their antifungal properties, many Thiazoles derivatives have also been synthesized for pharmaceutical purposes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . These compounds are also used in agriculture for the production of insecticides and pesticides [8] [9] [10] [11] [12] [13] [14] [15] . Furthermore, these compounds are also used in the synthesis of reshift catalysts. The synthesis of these compounds is possible through various catalysts which affect the reaction rate. The spectacular properties of these compounds induced us to study the synthesis, identification, and some thermodynamic parameters of one of their derivatives. HOMO and LUMO dependant parameters such as chemical potential, chemical hardness, Electrophilicity, and maximum amount of electronic charge transfer are also considered. Electrophilicity is a HOMO and LUMO dependant parameter which affects the reactivity of the structure 19 . In fact, Electrophilicity is proportional to ionization potential and electronic effects. This parameter is calculated by equation (1) . The parameters of chemical potential and chemical hardness can also be calculated by equations (2) and (3) . These parameters are correlated to HOMO and LUMO values; thus, their values are different for various compounds. In fact, it is expected that chemical potential changes as electronegative value changes. As electronic potential increases, chemical hardness decreases and we will have a good electrophone species. The maximum transferred electronic charge can be calculated by equation (4) 19, 20, 21 . In reactions such as FriedelCrafts reactions, Electrophilicity correlates with the yield of the reaction. It is also believed that in some reactions Electrophilicity correlates with the stability of the structure 22 . C-NMR spectra studying done by Bruker Avance 300 spectrometer with the processing software XWINNMR version 3.1. measured. Chemical shifts of TMS. FT-IR by a Perkin Elmer spectrum 1420 spectrometer in the frequency range of 4000-400cm -1 using KBr discs are reported on 1 scale. The FT-IR spectra were recorded at room temperature at the spectral resolution of 1 cm -1 . Used Glossy instruments are as follows: one and two ports round-bottom emery-top flasks species, simple, bubble and spiral radiator, Erlenmeyer flask, beakers, three and two ports, links, addition funnel, Buchner funnel, capillary tube and etc.
EXPERIMENTAL

General method
Synthesis
12.50 g (0.04 mol) 4-bromo phenacyl bromide was solved in 212.5 mL ethanol and 9.3 g (0.08 mol) ammonium di-thio carbamate was added to it and was refluxed for 3 hours. After ejecting of solvent by rotary, the yellow solid was formed that was refluxed for 15 minutes by 125.0 mL benzene. Than obtained solution was become cold and crystal precipitation was formed. Finally, the precipitation was strained and dried. 18.0 g production, 86% yield and 191-193 o C melting point was produced. TLC chromatogram and comparison of its R f by 4-methyl phenacyl bromide R f was established forming of production and its purity. The residue was purified by thin layer chromatography on silica gel (85:15 cyclo hexane-acetone) to give (18 g 
Computational details
All calculations were made on a personal computer (Intel Core i7 CPU 1.7 GHz and 4.00 GB of RAM) with Microsoft Windows XP ® system. The experiment was carried out under gas state at 1 atmospheric pressure and a temperature of 298 K. Firstly; the structure under study was predesigned by Gauss View software 23 and then its energy was pre-optimized using AM1 semi-experimental method. Subsequently, the values of thermodynamic parameters, vibrational frequencies, and chemical shifts were calculated using the Gaussian 03W software package 24 . DFT calculation was performed at 6-311G (d, p) basis set [25] [26] [27] [28] [29] . In order to approximate the obtained results to the experimental values, 0.967, 0.963 and 0.957 scaled factors were applied for three levels of B3LYP, B3PW91, and mPW1PW91, respectively. The electrostatic potential values were also examined for this structure using Molekel 5.4 software. The results of vibrational frequencies were analyzed using VEDA 4 software 30 . The values of NMR parameters were calculated by GIAO method 31 . All results were reported by taking Tetra Methyl Silane (TMS) as reference. Finally, Chemical potential, Chemical hardness, Electrophilicity, and maximum amount of electronic charge transfer were studied using HOMO and LUMO dependant parameters.
RESULTS AND DISCUSSION
MPMT structure was experimentally synthesized in laboratory ( Fig. 1) and the values of the vibrational frequencies, chemical shifts, electrostatic potential of the different parts of the structure, and HOMO and LUMO dependant parameters were calculated. The results are interpreted below ( Fig. 1 and 2 ).
Vibrational assignments
After the optimization of the structure by DFT calculation method, the values of vibrational frequencies were analyzed using VEDA 4 software. MPMT structure consists of 19 atoms and has 60 normal vibrational mod nos. The theoretically obtained results were compared with the experimental results. As it was mentioned, the scaled factors of 0.967, 0.963 and 0.957 were respectively applied for the three theoretical levels of B3LYP, B3PW91, and mPW1PW91 to increase the conformity between theoretical and experimental results (Fig. 3) .
C-H vibrations
The type of C-H vibration varies depending on the bond hybridization and level. The sp 2 hybridized C-H bonds usually give a visible band above 3000 cm -1 (i.e. 3000-3100 cm . This showed a good agreement with the theoretical results. The frequency of the C-H stretching vibration was observed in 2922-3154, 2902-3130, and 2918-3147 cm -1 using B3LYP, B3PW91, and mPW1PW91 methods, respectively. PEDs analysis also confirms the obtained results ( Table 1 ). The stretching vibrations appeared in inplain and out-of-plain forms and gave moderate to strong peaks. C-H bending vibration was also observed in different regions. This vibration is visible in the region 1100-1480 cm-1 . The experimental results showed that, in MPMT structure, this vibration can be clearly observed at the frequency of 1433 cm -1 . The theoretical methods also showed the C-H bending vibration in different regions and confirmed the experimental results.
C-S vibrations
Many resources has reported that the C-S stretching vibration in BPMT structure is visible in region 600-750 cm -1 35 , however, there are some resources which has reported that it is visible in 680-710 cm -1 or 609-716 cm -1 36-37 . The stretching vibration in MPMT was observed in 746 cm -1 using experimental method and below 1022 cm -1 using B3LYP, B3PW91, and mPW1PW91 methods. Therefore, this vibration occurred in different regions. PEDs analysis confirmed the obtained results.
C-N and C=N vibrations
C-N stretching vibration also varies in different structures. Generally, we expect to observe this vibration in region 1000-1250 cm -1 . However, . In the structure of MPMT, this vibration was observed in region 1243 cm -1 using experimental method and in region 1000-1300 cm -1 in B3LYP, B3PW91, and mPW1PW91 using theoretical methods. However, its C=N stretching vibration was observed in region 1433 cm -1 using experimental method and in region 1300-1490 cm -1 using theoretical methods. PEDs analysis also confirmed the obtained results.
S-H vibrations
S-H stretching vibration in Thiols is expected to be visible in region 2550-2700 cm -1 . Correspondingly, in the structure of MPMT, this vibration was observed in region 2595 cm -1 using experimental method and in 2587, 2584, and 2604 cm -1 using B3LYP, B3PW91, and mPW1PW91 methods, respectively. However, these vibrations are of moderate to weak intensity. PEDs analysis also confirmed the obtained results. As it is shown in table 1 (mode noise 52), the range of this vibration has appeared 100%.
C-C and C=C vibrations
The type of C=C vibration depends on the position of the bond in the structure. For example, the range of in-ring C=C vibration is expected to be in region 1450-1650 cm -1 while the range of chain C=C vibration is expected to be in region 1850-2050 cm -1 , depending on symmetry. In general, according to the wave number ranges given by of which were similar or very close to the band of this vibration in MPMT structure. In Benzamide oxim, this vibration is observed at 600 and 625 cm -1 using experimental method [40] [41] [42] . However, C=C vibration in MPMT has two different forms. It can be in a five-or six-membered ring. In both forms C=C bonds are inside the rings and C-C bonds are between the rings. Depending on the form of C=C bonds inside the rings, the range of chain C=C vibration varies from 1100 to 1650 cm -1 . However, the range of C-C-C bending vibration varies from 1100 to 1480 cm -1 . The results are displayed in Table 1 .
NMR spectra
After the synthesis of MPMT, NMR spectroscopic technique was employed to identify the structure (Fig. 4) . TMS was used as the reference substance. In order to verify the experimental results, the chemical shift of different nuclei was also studied by theoretical methods. The parameters were examined by performing GIAO and DFT calculations at B3LYP, B3PW91, and mPW1PW91 levels of theory and 6-311G (d, p) basis set. The results are reported in Table 2 . A good conformity between experimental and theoretical results was observed. As it is displayed in Table 3 , the conformity between the results obtained by C-NMR is better than that obtained by 1 H-NMR. This can be attributed to the fact that the sample is affected by the solvent in 1 H-NMR, while 13 C-NMR technique is not dependant on use of a solvent and, therefore, shows a better agreement with the experimental method conducted under gas condition. 
Molecular electronic potential maps Molecular electrostatic potential map (MEPM) illustrates information about electrostatic potential of different parts of a particular chemical structure. MEPM is commonly related to the reactivity of a structure in nucleophilic or electrophilic reactions. It was illustrated for MPMT using DFT calculations at B3LYP, B3PW91, and mPW1PW91 levels of theory and 6-311G (d, p) basis set (Fig. 5) . For example, the sections containing nitrogen may be more subjected to the nucleophilic attack because of containing a pair of non bonding electrons. In fact, this map shows reactivity; the more negative is the value for this parameter in a section the more probable is the nucleophilic attack to that sections. As the figure shows, blue sections are less affected by nucleophilic attack and red sections are more affected by nucleophilic attack 43 .
HOMO and LUMO indices
Some resources has related HOMO-LUMO gap to the stability of a structure. However, what is evident is that HOMO and LUMO values are completely dependent to the chemical structure of a compound. HOMO and LUMO values were measured for MPMT conducting DFT calculations. Then, HOMO-LUMO gap, Chemical potential, Chemical hardness, Electrophilicity, and maximum amount of electronic charge transferred were considered. The results indicated that HOMO-LUMO gap in MPMT took different values by B3LYP, B3PW91, and mPW1PW91 methods (Fig. 6) (Table  4) .
Other molecular properties
Finally, entropy, dipole moment, energy levels, and some other thermodynamic parameters were studied (Table 4 ). The experimental results were very close to the theoretical results. We hope the results of this discussion will be helpful in exploring such compounds further.
CONCLUSIONS
This study was conducted to delve into the structure of MPMT using experimental and theoretical methods. As expected, useful results were obtained. After the synthesis of MPMT through the above mentioned reaction, 1 H-NMR, 13 C-NMR, FT-IR, Mass Spectroscopy, and elemental analysis methods were employed to identify and explore the structure. Experimental and theoretical results were compared performing DFT calculations. The analysis of vibrational frequencies revealed that there was a good conformity between the experimental and theoretical results; so that, comparing the experimental and theoretical results, the value of R 2 was 0.999 for B3LYP, B3PW91, and mPW1PW91 theoretical methods. Furthermore, a good conformity was observed between the experimental and theoretical values of NMR spectroscopy. The results also indicated that by changing theoretical method the values of thermodynamic and HOMO-LUMO dependant parameters such as Chemical potential, Chemical hardness, Electrophilicity, and maximum amount of electronic charge transferred changed.
